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attenuation coefficient discontinuities at a high energy level near 60 keV. US-A-4647447 supra also describes 
metal chelates as X-ray contrast agents and US-A-41 76173 describes tantalum and hafnium chelates which 
can be used as contrast agents with high energy X-ray sources, particularly in imaging studies of the intestines. 
The X-ray applications at high energy levels such as CT scanning would benefit from better contrast agents. 

5 The greatest relative ratio of contrast (contrast iodine/soft tissue) will be attained when the energy of the X- 
ray beams straddles the large mass attenuation coefficient discontinuity at the K-edge. However, for all iodin- 
ated contrast agents, consideration of excessive exposure to the patient and insufficient X-ray tube output in- 
tensity at low energy levels (near 33 kVp) negate utilization of the K-edge subtraction approach. Unfortunately, 
iodine compounds do not provide the necessary attenuation for high kVp beams, and do not provide the level 

10 of image improvement needed. 

A safe and effective form for administering lanthanides and heavy metals for X-ray contrast imaging is thus 
a very important need in this field. 

Thus although the use of paramagnetic metal chelates and chelates of lanthanides and other heavy metals 
as contrast agents in diagnostic imaging, especially X-ray imaging, is known and widely described, the major 

15 X-ray contrast agents continue to be the iodinated compounds not least because of the toxicity problems as- 
sociated with the metals. 

A summary of the pharmacology and toxicology of the lanthanides is provided for example by Haley in J. 
Pharm. Sci. 54:663-670 (1965). 

While the toxicity of the metal species is generally significantly reduced by formulation as a chelate com- 

20 pound and while many chelates have improved solubilities relative to the free metal oxides, as mentioned above 
the problem of metal toxicity remains even with high stability constant chelates since undesirable levels of the 
toxic metal ions are released from the chelate complex into the body after administration. The concentrations 
at which metal chelates may be administered as contrast agents, and hence the utility of such chelates as con- 
trast agents are thus limited by toxicity constraints. Indeed for X-ray imaging the concentration of chelate con- 

25 sidered safe for general use with human subjects may be insufficient for effective X-ray attenuation and for 
MR imaging the usefulness of even high stability constant chelates such as GdDTPA could be limited since 
the dosage required for imaging certain organs may possibly be too toxic for safe and effective use. 

It has therefore been an objective within the field of diagnostic imaging, and especially X-ray and MR im- 
aging, to develop metal chelate containing contrast media of reduced toxicity. 

30 One approach, as mentioned above, has been to investigate different chelating agents and in the MRI field 

for example there are numerous publications proposing the use of many different complexing agents for che- 
lating the paramagnetic metal ions. Examples of such pulications include WO89/00557 (Nycomed AS), EP-A- 
292689 (Squibb), EP-A-232751 (Squibb), EP-A-230893 (Bracco), EP-A-255471 (Schering), EP-A-277088 
(Schering), EP-A-287465 (Guerbet), and the documents cited therein. 

35 An alternative approach has been to seek to enhance the bioacceptability of the contrast media by for- 

mulation of the contrast agent with other materials. 

Thus in EP-A-270483, in which Schering acknowledge the problem of in vivo gadolinium release from 
GdDTPA, Schering have disclosed that they have found retention in the body of the heavy metal (i.e. gadoli- 
nium) from heavy metal complexes is reduced by formulating the heavy metal complex together with one or 

40 more weaker metal complexes and/or one or more free complexing agents. Schering have stated in this pub- 
lication that the addition of free complexing agents or weak complexes has an extraordinarily strong effect with 
reference to the stability of the bonding of the heavy metal and thus its detoxification and elimination but this 
statement is qualified by a reference to the effect that a higher toxicity may need to be accepted as the price 
for this advantage. 

45 In general the inclusion of excess chelating agents in metal chelate containing contrast media is known 

from the literature. 

The present invention is based on our surprising discovery that for metal chelate based contrast media, 
by using a DTPA-bisamide as the chelating entity and by including within the contrast media a calcium DTPA- 
bisamide chelate an unpredictably large reduction in the acute toxicity of the contrast medium can be obtained 
so thus enabling contrast media, e.g. MRI, X-ray scintigraphic and ultrasound contrast media, of significantly re- 
duced toxicity to be produced and thereby extending the potential field of use of metal chelates as contrast 
media, especially in MRI and X-ray imaging. 

Viewed from one aspect therefore the present invention provides a diagnostic imaging contrast medium 
comprising a chelate of a 6-carboxymethyl-3,9-bis(carbamoylmethyl)-3,6,9-triazaundecanedioic acid (herein- 
55 after a DTPA-bisamide) with a cation (hereinafter the imaging cation) selected from paramagnetic metal ions, 
lanthanide ions and heavy metal ions, and a toxicity reducing amount of a calcium chelate of a DTPA-bisamide, 
said acids not carrying any alkoxyalkyl substituents. 

Preferably, the chelates in the contrast media of the invention are chelates with compounds of formula I 

3 
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ic number of 21-29, 42, 44 or 57-71 . Metal chelates in which the metal species is Eu, Gd, Dy, Ho, Cr or Fe are 
especially preferred and Gd 3 * and Dy 3 * are particularly preferred. 

In the case of X-ray and ultrasound contrast media, the imaging cation is preferably a cation of a lanthanide 
or heavy metal species, e.g. a non-radioactive metal, with an atomic number greater than 37, preferably 50 or 
5 more, e.g. Ce, Dy, Er, Eu, Au, Ho, La, Lu, Hg, Nd, Pr, Pm, Sm, Tb, Th and Yb. Preferred metals include La, 
Yb, Dy and Gd, and Dy 3+ and Gd 3 * are especially preferred. 

For scintigraphic contrast media, the imaging cation must of course be radioactive and any conventional 
radioactive metal isotope complexable by a DTPA-bisamide may be used. 

It is especially preferred that the chelate complexes, particularly those of the imaging cations, be neutral, 
10 that is the positive charge on the cation should be matched by an equal negative charge on the chelating moi- 
ety. Thus in the case of chelates of DTPA-bisamides of formula I, the imaging cation is preferably an M 3+ cation, 
as is the case for example with gadolinium (III) or dysprosium (III). 

Without being limited to a particular theory of interaction which might underlay the surprising effectiveness 
of the contrast media of the invention, the principle toxicity of the metal chelate contrast agents is believed to 
15 derive from the displacement of the imaging cation from the chelate by endogeneous metal ions, especially 
Zn(ll), normally present in the body. It is believed that when contrast media according to the invention are ad- 
ministered the Zn(ll) available for displacement preferentially displaces calcium from the calcium DTPA- 
bisamide chelates, liberating non-toxic calcium into the blood and leaving the imaging cation secure in a stable 
chelate. The calcium DTPA-bisamide chelates have been found to be uniquely suitable for improving toxicity, 
20 apparently because they act in a unique manner in this interaction. Administration of calcium chelates of che- 
lating agents other than DTPA-bisamides (e.g. CaDTPA) and administration of calcium DTPA-bisamide che- 
lates with chelates of imaging cations with chelating agents other than DTPA-bisamides (e.g. Gd DTPA) has 
not been found to produce the surprising improvements in toxicity levels achieved with compositions according 
to the invention. 

25 With the reduced toxicity provided by the contrast media of the invention, image contrast can be increased 

with greater safety and higher dosages of the contrast agent, i.e. of the imaging cation, can safely be admin- 
istered, providing the ability to enhance image contrast in a wider range of imaging applications, e.g. for a.wider 
range of organs. 

As mentioned above, it is thought that the toxicity reduction is linked to Zn(ll) displacement of imaging ca- 
30 tions and thus the imaging cations are conveniently cations, e.g. lanthanide or heavy metal cations, displace- 
able from a DTPA-bisamide chelate by Zn(ll). Examples of metal ions falling within this definition include the 
ions of Ce, Dy, Er, Eu, Gd, Au, Ho, La, Lu, Hg, Nd, Pr, Pm, Sm, Tb, Th and Yb. 

DTPA-bisamide chelating agents, such as those of formula I above, are either known from the literature 
or may be prepared in manners analogous to those described in the literature. Thus for example DTPA- 
35 bisalkylamides and methods for their preparation are disclosed in US-A-4687659 and DTPA-bis(hydroxyalkyl- 
amides) and methods for their preparation are disclosed in US-A-4826673 and EP-A-1 30934. 

The metal chelates of the DTPA-bisamides, i.e. the chelates with the imaging cation and with calcium, 
can be prepared in a conventional manner, e.g. by mixing in aqueous solution stoichiometric quantities of a 
DTPA-bisamide and a compound of the metal which dissolves to liberate the metat species to be chelated, 
40 e.g. a metal oxide or hydroxide (such as calcium hydroxide or gadolinium oxide) or a soluble salt of calcium or 
of the imaging cation. 

The calcium chelate in aqueous solution is preferably a fully neutralized salt. The counterion for the calcium 
chelate complex and indeed any necessary counterion for the imaging cation chelate complex can be any phar- 
maceutical^ acceptable non-toxic ion. Suitable counterions include monovalent cations such as ions of lithium, 

45 potassium and sodium and divalent cations such as calcium and magnesium can also be used. Suitable cations 
of organic bases include, for example, ethanolamine, diethanolamine, morphotine, glucamine, N,N-dimethyl- 
glucamine, and N-methylglucamine. Ions of amino acids such as lysine, arginine and ornithine and other basic 
naturally occuring acids may also be considered. 

The contrast medium may be prepared by reacting a DTPA-bisamide with soluble calcium and paramag- 

so netic metal, lanthanide or other heavy metal compounds in an aqueous medium and such a process forms a 
further aspect of the invention: preferably however the metal chelates will be prepared separately and then 
admixed in the desired ratio. 

The contrast medium of the invention should contain a sufficient amount of the calcium DTPA-bisamide 
chelate to reduce the toxicity of the composition relative to that of a composition from which the calcium chelate 

55 js omitted but which is otherwise identical; however, any amount of the calcium chelate will generally provide 
some improvement. The amount of the calcium chelate present should however be below toxic limits, conve- 
niently compositions have a molar ratio of calcium chelate to imaging ion chelate in the range from 1:200 to 
1:5, preferably 1:200 to 1:10, especially 1:100 to 1:10, particularly 1:100 to 1:20, more particularly 1:30 to 1:15, 

5 
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Viewed from a yet further aspect the invention provides the use of a calcium DTPA-bisamide chelate for 
the preparation of a contrast medium according to the invention. 

Viewed from a still further aspect the invention provides the use of a DTPA-bisamide for the preparation 
of a contrast medium according to the invention. 
5 Viewed from another aspect the invention provides the use of a chelate of a DTPA-bisamide with a cation 

selected from paramagnetic metal cations, lanthanide cations and other heavy metal cations, for the prepara- 
tion of a contrast medium according to the invention. 

Viewed from a further aspect the invention provides a method of generating an image of a human or animal 
body, said method comprising administering to said body a contrast medium according to the invention and 
10 generating an image, e.g. an MR, X-ray, ultrasound, scintigraphic etc. image, of at least part of said body, e.g. 
after permitting sufficient time to elapse for the medium to distribute to the desired parts of said body. 

Methods for applying MR1 contrast media to improve MR images, MRI equipment and MRI operating pro- 
cedures are described by Valk et ai. ( BASIC PRINCIPLES OF NUCLEAR MAGNETIC RESONANCE IMAGING, 
New York: Elsevier, pp 109-114 (1985). 
15 For X-ray imaging, the X-ray contrast media of the invention can be used in standard conventional X-ray 

procedures with conventional equipment in the same manner as other contrast media. For other imaging tech- 
niques, standard equipment and procedures may also be used. 

With the contrast media of this invention, effective imaging contrast can be obtained with a wider variety 
of organs such as kidney, urethra, bladder, brain, spine, heart, liver, spleen, adrenal glands, ovaries and skel- 
20 etal muscle. 

The invention is further illustrated by the following examples and by the accompanying drawings in which 
Figures 1, 2 and 3 are plots of CT scans at 80 keV, 120 keV and 140 keV respectively of the Intensity/Metal 
centre vs. Concentration for iohexol, Gd DTPA-BMA and Dy DTPA-BMA. 

Temperatures are given in degrees Celsius and concentrations as weight percentages unless otherwise 
25 specified. 

EXAMPLE 1 

DTPA-bismethylamide Dihydrate 

30 

Methylamine (40% solution, 1.52 kg) in a 4 L beaker was cooled in an ice bath. Solid DTPA-bisan hydride 
(1.0 kg) was added over 30-60 minutes with vigorous stirring. The temperature was maintained below 35°C 
during the addition. Then the ice bath was removed, and the brown solution stirred at room temperature for 
two hours. The mixture was acidified to pH ca. 3 with concentrated Hcl, and the solution was filtered at 60- 

35 70°C to remove traces of insoluble material. To the hot solution was added 2.5 L ethanol and 2.5 L of isopro- 
panol. After cooling to room temperature for 6-24 hours, a colourless mass of tan crystals was isolated by fil- 
tration. The filter cake was washed with ethanol and then redissolved in 3 L ethanol, 3 L isopropanol, and 3 L 
water. Active charcoal was added to the hot solution, followed by vacuum filtration. The solution was allowed 
to cool to room temperature. After 6-24 hours, brilliant white crystals were collected, washed with 2 L ethanol, 

40 and dried for 12-24 hours. After drying, 838 g (67% yield) of the title product were obtained, mp 110-113°C. 

EXAMPLE 2 

Gd DTPA-bismethylamide Trihydrate 

45 

DTPA-bismethylamide dihydrate (455.5 g, 1 .0 mol), Gd 2 0 3 (181 .2 g, 0.50 mol) and water (750 ml) are com- 
bined and heated under reflux for 6-8 hours or until all solid dissolves. The mixture is then checked for the 
presence of free gadolinium with xylenol orange. If free gadolinium is present, another 5 g of amide is added, 
and the mixture heated under reflux for 2 hours. The xylenol orange test is repeated, and more amide added 

50 if necessary. Once the reaction mixture is clear with no free gadolinium present, it is cooled to room temper- 
ature, and the pH is checked. A small amount of 1 N NaOH can be added to adjust the pH of the mixture to 
6.0-6.5. The solution isf iltered, and an equal volume of acetone is added with stirring. After 4-6 hours, colorless 
crystals are collected, washed with 250 ml of acetone, and dried for 12-24 hours in vacuo (1 mmHg, 60-80°C). 
A yield of 540 g (86%) of product Gd DTPA-BMA was obtained. 

55 Replacing Gd 2 0 3 in the above procedure by Yb 2 0 3 or La 2 0 3 the corresponding Yb or La chelates of DTPA- 

BMA are produced. 
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EXAMPLE 8 

Preparation of 500 mM Gd DTPA-APD 

A 67.5 mL (45 mmol) portion of the 667 mM Gd DTPA-APD stock solution described in Example 6 was 
adjusted to pH 6.0 with 1 N NaOH solution. After dilution to 90 mL, the resulting 500 mM Gd DTPA-APD solution 
was sterile-filtered into serum vials and autoclaved 30 minutes at 121°C. 

EXAMPLE 9 

Formulation of 500 mM Gd DTPA-APD and 25 mM Na Ca DTPA-APD Solution 



A 75 mL (50 mmol) portion of the 667 mM Gd DTPA-APD stock solution described in Example 6 was com- 
bined with the Na Ca DTPA-APD preparation (2.5 mmol) of Example 7. The resulting solution was adjusted to 
15 pH 5.9 with 1N NaOH and diluted to 100 mL. The solution was sterile-filtered into serum vials and autoclaved 
30 minutes at 121°C. 

EXAMPLE 10 

20 DTPA-bis(N-methyl-2,3-dihydroxypropylamide) 

N-methylaminopropanediol (50.0 g, 139.9 mmol) was dissolved in DMSO (250 mL), and DTPA- 
bisanhydride was added under a nitrogen atmosphere. After stirring overnight (10 hours), the product was pre- 
cipitated with a 1:1 mixture of ether and chloroform. The crystals were dissolved in water (150 mL) and pre- 
25 cipitated once more with ethanol (1400 mL). After 1 hour, the product was separated from the solvent. Stirring 
with ethanol (600 mL) produced a white powder which was dried in vacuum. The yield of DTPA-bis-(N-methyl- 
2,3-dihydroxypropylamide) (DTPA-BMPA) was 45.0 g (56%). Mp. 75-80°C. FAB-MS: 568(M+1). 



EXAMPLE 11 



Gd DTPA-BMPA 



DTPA-BMPA (39.0 g, 68.7 mmol) was dissolved in water (50 mL). The water was distilled off to remove 
ethanol; the oil was dissolved in water (250 mL); and Gd 2 0 3 (11 .2 g, 31.0 mmol) was added. The mixture was 
35 stirred for 16 hours at lOO^C and filtered, and the solvent was removed. The product was dissolved in methanol 
(110 mL) and precipitated with acetone (250 mL). The product was dissolved in water and dried. This was re- 
peated two times to remove traces of acetone. Yield 40.4 g (81%). Mp. 280°C. FAB-MS: 723(M+1). 

40 Anal, Calcd. for C 22 H 3a GdN 3 0 12 : C, 35*60 H, 5.31; N, 9.70 
Found: 36.12 5.25 10.39 



EXAMPLE 12 



NaCa DTPA-BMPA 



DTPA-BMPA (5.0 g, 8.8 mmol) was dissolved in water (50 ml), and Ca(OH) 2 (0.65 g ( 8.8 mmol) was added. 
The mixture was stirred at room temperature for about 1 .5 hours. The solution was neutralized with 2 M NaOH 
50 and then filtered. The filtrate was evaporated to dryness, and the Naca DTPA-BMPA compound was isolated 
as a white powder. Yield 5.2 g (84%). Mp. 230-233°C. FAB-MS: 628(M+1) 

Anal. Calcd. for C 22 H 3a CaN 3 Na0 12 : C, 42.10; H, 6.10; N,11.16 
55 Found: 41.48 5.96 10.96 
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EXAMPLE 13 

Gd DTPA-BMPAand NaCa DTPA-BMPA Solution 



Gd DTPA-BMPA (3.61 g, 5 mmol) and Naca DTPA-BMPA (0 1*57 n n or ^ , J 



EXAMPLE 14 

Dy DTPA-bismethylamide Trihydrate 



of ExaZeTSv 'oT^t^ ^ BMA) < 2277 «■ 500 ™»0 P-pared according to the procedure 

established by the xylenol orange test, the mixture is oo^SS^J^^^J^ «J Bpre8,um iS 
warm (40-50*0) 1 N NaOH may be used to adjust the pH of the mUe to 6 0 6 5 " neCeSSary ' 

fs obta^ terC00 " n9 10 r ° 0m temPeratUre ' 25 3 9 <80% > * °TPA-bismethy,amidelihydr2e (Dy D^BMaJ 
EXAMPLE 15 

Formulation of Dy DTPA-bismeth ylamide and NaCa DTPA-bismethvlamid* 

To a 50 mL volumetric flask was added solid Dy DTPA-BMA (25 ^ n dfimmnh^oc , 4 ^ 
□ismetnyiamide (1.0 g, 2 mmol) with stirring. After all of the solids had dissolved the nHfin „. „ 

EXAMPLE 16 

DTPA-bisethylamide Dihydrate 

and recrystallized from ethanol to give corrlesrcrvsS 



Anal calcd. for C 18 H 37 N 5 O 10 : C, 44 .71 H, 7.71 N, 14 48 
Pound: AA ' A4,48 

44.64 7.85 14.19 



EXAMPLE 17 
55 Gd DTPA-bisethylamide Trihydrate 



U mmol) and Gd2 °3 ( 4 - 53 9> 12.5 mmol) in water (30 mL) was refluxed for 
10 
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5 hours. The solution was adjusted to pH 6.5 with 1 M NaOH. colorless crystals of Gd DTPA-bisethylamide 
trihydrate soon formed, mp > 200°C. Positive ion FAB MS: 603 (M+H)\ 



Anal. Calcd. for C 18 H 3a GdN 3 0 11 : C, 32.97 H, 5.53 N, 10.68 



Replacing Gd 2 0 3 in the above procedure by Yb 2 0 3 or La 2 0 3 , the corresponding Yb or La chelates of DTPA- 
bisethylamide are produced. 

EXAMPLE 18 

DTPA-bispropylamide Dihydrate 

The title compound is synthesised analogously to the bismethylamide and bisethylamide dihydrates of Ex- 
amples 1 and 16. 

In addition, since propylamine and the higher alkylamines are neat liquids at room temperature, it is pos- 
sible to prepare these DTPA-bisalkylamides by direct reaction of the DTPA anhydride and the amine in an ap- 
propriate neat organic solvent and the removal of aqueous media should, in theory, increase the yield of dia- 
mide through elimination of hydrolysis of the dianhydride. 

EXAMPLE 19 

Gd DTPA-bispropylamide 

The title compound is prepared analogously to the Gd DTPA-bisamide chelates of Examples 2 and 17. 
EXAMPLE 20 
Acute Toxicity 

Acute toxicity (LD50) values were determined for compositions comprising 500 Mm Gd DTPA-BMA alone 
or together with 25 mM of a zinc, magnesium, iron or calcium chelate of DTPA-BMA, for compositions com- 
prising 500 mM Gd DTPA-APD alone or together with 25 mM of the calcium chelate of DTPA-APD, and, for 
further comparison, for compositions comprising 500 mM Gd DTPA-dimeglumine alone or together with 25 mM 
of a calcium chelate of DTPA or BTPA-BMA. The acute toxicities were determined by iv administration of the 
compositions to Swiss Webster mice. 



Found : 



33.39 



5.58 



10.55 
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5 


Gd Chela-be 


/vaaea. cneiate 


LD 5 o ( iv 

Rice, 

mmol/kg) 


10 


Gd DTPA * 


None 


— 

5.5 




Gd DTPA * 




4.5 


15 


Gd DTPA * 


f a TTP DA .nut + 


4.4 


20 


Gd DTPA-RMA 


None 


15.0 


Gd DTPA-RM21 


Ca DTPA-BMA 


34 .4 




Gd DTPA-BMA 


Mg DTPA-BMA * 


2.6 




w\A wi XrA— DMA 


Zn DTPA-BMA + 


15.8 


25 


Gd DTPA-BMA 


Fe DTPA-BMA 


12.8 




Gd DTPA-APD 


None 


13.8 


30 










Gd DTPA-APD 


Ca DTPA-APD * 


44.0 


35 


* as the dimeglumine salt 
as the sodium salt 





as the trisodium salt 



40 



45 



rnntfL C ° mP ! riSOn ^ ^ abOVe LDso Values> '* ™* be noted that ^ LD* values for the iodinated X rav 
contrast agents meglumine diatrizoate and iopamidol are respectively 18 and 25.4 (mice' ratsj 

EXAMPLE 21 



50 Renal Fluoroscopy Study 

After localization of the kidneys by portable fluoroscopy with sodium diatrizoate in a monorel doo th* in. 

55 
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EXAMPLE 22 



X-ray Attenuation Properties 



The following data was obtained on a GE9800 clinical CT machine. Serial dilutions of iohexol, Gd DTPA- 
BMA, and Dy DTPA-BMA were placed in test tubes and imaged at the indicated energies. Region of interest 
Intensity values were determined. The results are shown in Tables A, B and C and in the corresponding, re- 
spective, plots of Figures 1, 2 and 3 of the accompanying drawings. 



10 



15 



TABLE A 

Iohexol, Gd DTPA-BMA and Dy DTPA-BMA 
CT Scans, 8 0 keV 



Cone. mM 



Gd DTPA-BMA 



DV DTPA-BMA 



Iohexol/T* 



20 



25 



30 



25 
50 
100 
200 
300 
350 
400 
500 



459 
802 
1485 
2136 

2773 
3071 



424 
770 
1379 
2003 

2591 
3071 



168 
335 
589 
1023 
1023 
1023 



35 



* Concentration, mM of iodine 
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Cone, mm 

25 

50 
100 
200 
300 
350 
400 
500 



TABLE B 

Iohexol, Gd DTPA-BMA and Dy DTPA-BMA 
CT Scans, 120 JceV 

gd , ptpa-tota P y WPVBMft lohevoi /t* 



342 
637 
1234 
1799 

2340 
2793 



324 
653 
1221 
1791 

2334 
2781 



101 
223 
402 
744 
1016 
1024 



Concentrati 



on, mM of iodine 



30 



35 



40 



45 



50 



Cone. mM 

25 

50 
100 
200 
300 
350 
400 
500 



TABLE C 

lohexol, Gd DTPA-BMA and Dy DTPA-BMA 
CT Scans, 140 keV 



306 
586 
1156 
1672 

2173 
2572 



55 



293 
606 
1144 
1681 

2185 
2605 



87 
199 
362 
675 
926 
1008 



■ion, mM of iodine 
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EXAMPLE 23 



Viscosities 



5 The viscosity of Gd DTPA-bismethylamide was determined and is shown together with viscosities for con- 

ventional iodinated X-ray contrast agents in Table D below: 



10 ■ 

TABLE D 



15 



Viscosi ty, cps fmPa.s^ 



Compound Cone. . mM 2 0°C 37°C 



Gd DTPA-BMA 640 2.0 1.4 

20 Iohexol, 18 0 mgl/ml 473 3.1 2.0 

240 mgl/ml 631 5.8 3,4 

300 ingl/ml 788 11 . 8 6.3 

25 350 mgl/ml 920 20.4 10.4 

Diatrizoate, Sodium 394 (25%) 1.6 1.2 

786 (50%) 3.3 2.3 

30 

Diatrizoate, Meglumine 371 (30%) 1.9 1.4 

742 (60%) 6.2 4.1 



35 



40 Claims 



1. A diagnostic imaging contrast medium comprising a chelate of a 6-carboxymethyl-3,9-bis(carbamoylme- 
thyl)3,6,9-triazaundecanedioic acid with a cation selected from paramagnetic metal ions, lanthanide ions 
and heavy metal ions and a toxicity reducing amount of a calcium chelate of a 6-carboxymethyl-3,9- 
45 bis(carbamoylmethyl)-3,6,9-triazaundecanedioic acid, said acids not carrying any alkoxyalkyl substitu- 

ents. 



2. A medium as claimed in claim 1 comprising a chelate of a said selected cation with a compound of formula 
I 

50 

HOOC \ j \j X/ COOH 

N N N (I) 
55 R3R3NOC - w COOH \ CONR 2 R 4 



(wherein R 1f R 2 , R3 and R 4l are each independently hydrogen, Chalky! , hydroxy C^e alkyl or polyhydroxy 
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C.,. alky,) together with . Mm chela , e of . compouna o( Ms ( ^ dt(ined 

ssxiss^iss r*j*r ar : che,a,es - ^v^-^ (m . lh „. 

pyi-cat^™,^,.*^ 

SSSiriS JteSSf™ ' to 7 wherain 881,1 calc,um - - — - - 

10. A medium as «* in Calm 9 wnerein said ^ ^ , ^ 

A medium as claimed in claim 9 herein s„d s.iected ca.ion is a dysprosium cation. 

13. A medium as Calmed in claim ,2 wherein said paramagnetic metai ion is Gd- or Dy,- 

15. A medium as claimed in claim 14 wherein said selected ion is an ion of La. Yb. Oy or Gd. 

" " ta'S^^^SZt?" 1 " '^^"'- — -^'-^iclumandsetected 

fh^T^o ^iS: Cl8 " n 16 " hare ' n m0,a " a,to — « —»» « — ion chelates fe 

* STSr,"S?SS C "' m " - -* "" — — — " — » « ion cnela.es * 

19. A medium as Calmed ,„ Caim 10 wherein the mo,.,„,io o, said ce Wu „ ,„d seieced to n ch.istes 

J^r^aS^ - -- ' >° " — 'O" *e,a,e is present at a en- 

*' ^^7^ ^ ^ C ' alm 20 """""" ^ "«■« *— I- P~.™ ,. a concentration o, 0., to 
^ ™ oZr aln,ad d8i " 20 ""' ereln S8W - — - P-O". a. a concent o, 0, to 
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23. A medium as claimed in claim 20 wherein said selected ion chelate is present at a concentration of 0.5 to 
1.2 moles/litre. 

24. A medium as claimed in any one of claims 1 to 23 comprising said chelates in solution in a sterile phys- 
iologically tolerable aqueous carrier medium. 

25. A method of generating an image of a human or animal body, said method comprising administering to 
said body a contrast medium as claimed in any one of claims 1 to 24 and generating an image of at least 
a part of said body. 

26. A method as claimed in claim 25 wherein said medium is administered at a dosage of 0.001 to 5 mmoles 
of said selected ion chelate/kg bodyweight. 

27. A method as claimed in either one of claims 25 and 26 wherein said medium is administered at a dosage 
of from 0.001 to 1 mmoles of said calcium chelate/kg bodyweight 

28. A process for the preparation of a contrast medium as claimed in any one of claims 1 to 24 which process 
comprises reacting in aqueous solution a said e-carboxymethyl-S^-bts^arbamoylmethylJ-S^^-triazaun- 
decanedioic actd t a soluble calcium compound and a soluble compound of a paramagnetic metal species, 
a lanthanide or a heavy metal. 

29. A process for the preparation of a contrast medium as claimed in any one of claims 1 to 24 which process 
comprises admixing at least one said calcium chelate together with at least one said selected ion chelate. 

30. The use of a 6-carboxymethyl-3,9-bis (carbamoylmethyl)-3,6,9-triazaundecanedioic acid for the manu- 
25 facture of a diagnostic imaging agent as claimed in any of claims 1 to 24. 

31. The use of a calcium chelate of a 6-carboxymethyl-3,9-bis(carbamoylmethyl)-3,6 ( 9-triazaundecanedtoic 
acid for the manufacture of a diagnostic imaging agent as claimed in any of claims 1 to 24. 
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32. The use of a chelate of a 6-carboxymethyl-3,9-bis (carbamoylmethyl)-3,6 t 9-triazaundecanedioic acid with 
an ion selected from paramagnetic metal ions, lanthanide ions and other heavy metal ions for the man- 
ufacture of a diagnostic imaging agent as claimed in any of claims 1 to 24. 

Patentanspriiche 

1. Kontrastmedium zur diagnostischen Bildgebung, umfassend ein Chelat einer 6-Carboxymethyl-3,9- 
bis(carbamoylmethyl)3 t 6,9-triazaundecandicarbonsaure mit einem Kation, ausgewahlt unter paramagneti- 
schen Metallionen, Lanthanid-lonen und Schwermetailionen, und eine dieToxizitatverringernde Menge eines 
Calciumchelats einer 6-Carboxymethyl-3,9-bis(carbamoylmethyl)-3 t 6,9-triazaundecandicarbonsaure, wobei 
die Sauren keine Alkoxyalkyl-Substituenten tragen. 

2. Medium nach Anspruch 1, umfassend ein Chelat eines Kations mit einer Verbindung der Formel I 

HOOC \j ~\j \j COOH 

N N N (I) 
RjRaNOC -J V-COOH \ CONR 2 R 4 

(worin R 1f R 2 , R3 und R 4 jeweils unabhangig voneinander ein Wasserstoffatom, eine C^g-Alkylgruppe, 
eine Hydroxy-C^e-alkyl-oder Polyhydroxy-C^e-alkylgruppe bedeuten) zusammen mit einem Catcium- 
chelat einer Verbindung der oben angegebenen Formel I. 

3. Medium nach Anspruch 2, worin die Chelate Chelate von Verbindungen der Formel I gemali Anspruch 2 
sind, wobei R 3 und R 4 fur ein Wasserstoffatom stehen. 
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eme C^-Alkylgruppe stehen. d R ' und * 2 J ewe,ls f£ir ein Wasserstoffatom oder 

Kr ein »w» Wfcttm oaer JSC^r' S ' ehen U " d *> » 

on. R4 jeweils *, ei„ W,s s e raM , at a m Xl^XC»r.S" ,X>ProPy ' S '' ,PPe ^ "* 
JM-triazaundecandicanioneaw^ 

1.. Medium nach A nspruch 9 , „„„•„ „ as ^ ^ ^ 

- «. Medium Anscruch 9 , ^ a „ ausge>iah|B Kai . on ^ DywosiMato 

30 13. Medium nach Anspruch 12 wnrin ^„ 

prucn 12, worm das paramagnetism Metallion Gd^ oder Dy^ ist 

^ 9 «^^ Vern 5 „„i. »„„ caiciumchela, am c« 

20. Medium nach einem der AnsorOch. 1 hi. la ■ . 

Konzemation von 0,001 bis 5.0 M*L vSagt W °™ ** CMa ' *• 'ona in 

XSSZ2£T* "* ^ Cha ' al ~ - - - -w Kon_ von „, bs 

K ' ^ir^Zr "** dM °~ *■ «<~ 'ons ,n eine, Ko„_ von „, bs 

rSuafvoXr 2 °' "°* ^ <*"" *• — — "« 'on. in eine, ^ v0 „ „ „ fe 
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24. Medium nach einem der Anspruche 1 bis 23, umfassend die Chelate gelost in einem sterilen, physiologisch 
vertrag-lichen, walirigen Tragermedium. 

25. Verfahren zur Erzeugung einer Abbildung eines menschlichen oder tierischen Kdrpers, wobei das Ver- 
fahren die Verabreichung eines Kontrastmediums gemafi einem der Anspruche 1 bis 24 an den Korper 
und die Erzeugung einer Abbildung von wenigstens einem Teil des Korpers umfa&t. 

26. Verfahren nach Anspruch 25, worin das Medium in einer Dosis von 0,001 bis 5 mMol des Chelats des 
ausgewahlten Ions/kg Korpergewicht verabreicht wird. 

27. Verfahren nach einem der Anspruche 25 und 26, worin das Medium in einer Dosis von 0,001 bis 1 mMol 
des Chelats des ausgewahlten Ions/kg Korpergewicht verabreicht wird. 

28. Verfahren zur Herstellung eines Kontrastmediums gemafi einem der Anspruche 1 bis 24, wobei man in einer 
wafirigen Losung die ^Carboxymethyl-S^bis^arbamoylmethylJ-S^^-triazaundecandicarbonsaure, eine 
losliche Calciumverbindung und eine losliche Verbindung einer paramagnetischen Metallspecies eines 
Lanthanids oder eines Schwermetails umsetzt. 

29. Verfahren zur Herstellung eines Kontrastmediums nach einem der Anspruche 1 bis 24, wobei man we- 
nigstens ein Calciumchelat mit wenigstens einem Chelat des ausgewahlten Ions vermischt. 

30. Verwendung einer 6-Carboxymethyl-3 > 9-bis(carbamoylmethyl)-3,6,9-triazaundecandicarbonsaure zur 
Herstellung eines Mittels zur diagnostischen Bildgebung nach einem der Anspruche 1 bis 24. 

31. Verwendung eines Chelats einer 6-Carboxymethyl-3,9-bis(c^rbamoylmethyl)-3,6,9-triazaundecandicarbon- 
25 saurezur Herstellung eines Mittels zur diagnostischen Bildgebung nach einem der Anspruche 1 bis 24. 

32. Verwendung eines Chelats einer 6-Carboxymethyl-3,9-bis(carbamoylmethyl)-3,6,9-triazaundecandicarbon- 
saure mit einem Ion, ausgewahlt unter paramagnetischen Metallionen, Lanthanid-lonen und anderen 
Schwermetallionen, zur Herstellung eines Mittels zur diagnostischen Bildgebung nach einem der Anspru- 

30 che 1 bis 24. 
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Revendications 

1. Agent de contraste pour I'imagerie de diagnostic, comprenant un chelate d'un acide 6-carboxymethyl-3,9- 
bis(carbamoylmethyl)-3,6,9-triazaundecanedioi'que avec un cation selectionne parmi les ions de metaux 
paramagnetiques, les ions lanthanide et les ions de metaux lourds et une quantite reduisant la toxicite 
d'un chelate de calcium d'un acide 6-carboxymethyl-3,9-bis(carbamoylmethyl)-3,6 t 9-triazaundecanedioT- 
que, ces acides ne portant pas de substituant alcoxyalcoyle. 

2. Agent suivant la revendication 1, comprenant un chelate du cation selectionne avec un compose de for- 
mule I 



45 



HOOC 



R,R,NC< 



J 



N 

V- COOH 



W 
V 



COOH 



(I) 



(dans laquelle R 1f R 2 , R3 et R4 sont chacun independamment I'hydrogene, alcoyle ayant de 1 & 6 atomes 
de carbone, hydroxy alcoyle ayant de 1 & 6 atomes de carbone ou polyhydroxyalcoyle ayant de 1 & 18 
atomes de carbone) avec un chelate de calcium d'un compose de formule I tel que def ini ci-dessus. 

3. Agent suivant la revendication 2, dans lequel les chelates sont des chelates de composes de formule I 
tels que def inis & la revendication 2, dans laquelle R 3 et R4 sont I'hydrogene. 

4. Agent suivant la revendication 3, dans lequel les chelates sont des chelates de composes de formule I 
tels que def inis dans la revendication 2, dans laquelle R 3 et R4 sont I'hydrogene et et R 2 sont chacun 
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de I'hydrogene ou alcoyle ayant de 1 a 6 atomes de carbone. 

8 on polyhydroxyles ayant d. 1 S s Z * „ 1 " es alC0),l9s ™">°hyffoxyles 

« R S et R. son, chacun rhydrao.ne ou n*5!, R ' S0 ""* aeu " «* dihydroxypropyle 

7 - sssxjzsssj «isrr Ti de r e " Bs *-* 6 -^..y,-3. 9 . 
1 ass: ^ssr - d ^r " s da — » - - *» 

10. Agent suivant la revendication 9, dans leque. le cation seiectionne est le cation de gadohnium. 

11. Agent suivant ,a revendication 9, dans leque. ie cation seiectionne est le cation dysprosium 

13. Agent suivant la revendication 12, dans lequel Hon de metal paramagnetique est Gd- ou Dy- 
14 ' S^n^ 

moins 50. lanthan.de ou un ,on d'un autre metal ayant un numero atomique d'au 

15. Agent suivant ,a revendication 14. dans lequel Hon seiectionne est un ion La. Yb, Dy ou Gd. 

16. Agent suivant Tune quelconque des revendication^ 1 a 1* h=.„= i„ 

"■rrnr^ 

21 s d j j; a r.vss:° n 2 °- dans ,ewi " ch4,aia de r ™ - p*- » »» — 

22 ' tZl"T»TZ 20 ' dans te,,,< " " chaa " aa ««' « 

2 * ess smss: 20 ' da ™ Ie< " ,e ' ,e chaa,e de n ° n - p— — «— 
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24. Agent suivant Tune des revendications 1 a 23, comprenant les chelates en solution dans un support 
aqueux acceptable physioiogiquement 

25. Procede de formation de I'image d'un organisme humain ou animal, qui consiste a administrer a cet or- 
ganisme un agent de contraste suivant Tune quelconque des revendications 1 a 24 et a former une image 
d'au moins une partie de cet organisme. 

26. Procede suivant la revendication 25, qui consiste a administrer le milieu a une posologie de 0,001 a 5 
mmoles du chelate d'ion selectionne/kg de poids corporel. 

27. Procede suivant Tune des revendications 25 ou 26, qui consiste a administrer I'agent a une posologie de 
0,001 a 1 mmole du chelate de calcium/kg de poids corporel. 

28. Procede de preparation d'un milieu de contraste suivant Tune quelconque des revendications 1 a 24, qui 
consiste a mettre areagiren solution aqueuseun acide 6-carboxymethyl-3,9-bis(carbamoylmethyl)-3,6,9- 
triazaundecanedioTque, un compose soluble de calcium et un compose soluble d'une espece metallique 
paramagnetique, d'un lanthanide ou d'un metal lourd. 

29. Procede de preparation d'un agent de contraste suivant Tune quelconque des revendications 1 a 24, qui 
consiste a melanger au moins le chelate de calcium a au moins le chelate de I'ion selectionne. 



30. L'utilisation de I'acide 6-carboxymethyl-3,9-bis (carbamoylmethyl)-3,6,9-triazaundecanedioique pour la 
fabrication d'un agent pourl'imagerie de diagnostic tel que revendique a Tune des revendications 1 a 24. 

31. L'utilisation d'un chelate de calcium de I'acide 6-carboxymethyl-3,9-bis(carbamoylmethyl)-3,6,9-triazaun- 
decanedioique pour la fabrication d'un agent pour I'imagerie de diagnostic tel que revendique suivant Tune 
quelconque des revendications 1 a 24. 



32. L'utilisation d'un chelate de calcium de I'acide 6-carboxymethyl-3,9-bis(carbamoylmethyl)-3,6,9-triazaun- 
decanedioi'que avec un ion selectionne parmi les ions de metaux paramagnetiques, les ions lanthanides 
et les autres ions de metaux lourds pour la fabrication d'un agent pour I'imagerie de diagnostic tel que 
revendique suivant Tune quelconque des revendications 1 a 24. 
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FIG.1 

Iohexol, Gd OTPA-BMA and Dy DTPA-BMA 
CT Scans at 80 keV 



4000 



3000- 



2000 




1000 - 



100 



200 300 400 
Concentration, mM 



500 



Iohexol 



— Gd DTPA-BMA —■-—Oy DTPA-BMA 



22 



EP 0 436 579 B1 



FIG. 2 

Iohexol, Gd DTPA-BMA and Dy DTPA-BMA 
CT Scans at 120 keV 
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FIG.3 

Iohexol. Gd OTPA - BMA and Dy DTPA-BMA 
CT Scans at 140 keV 
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